Introduction
Hydrogenases are enzymes that catalyze the production or consumption of H 2 . Based on the metal atoms in the active site, hydrogenases are classified in three types, namely [FeFe]-, [NiFe]-, and [Fe]-hydrogenases. [1] [2] [3] [4] [5] Unlike the other two types of hydrogenases, [Fe] -hydrogenase, which is also called as H 2 -forming methylene-tetrahydromethanopterin dehydrogenase (Hmd), does not contain a redox-active site and a [Fe 4 S 4 ] cluster, and can only activate H 2 in the presence of methenyltetrahydromethanopterin (methenyl-H 4 MPT + ). [1, 2] In the active site of [Fe]-hydrogenase, a Fe(II) center is coordinated with two cis-CO, a cysteine sulfur atom (Cys 176), and a bidentate acylmethylpyridinol ligand. The sixth position, which is regarded as the H 2 -binding position, is probably occupied by a labile water molecule (Figure 1 ). [6] [7] [8] The iron guanylylpyridinol (FeGP) cofactor of [Fe]-hydrogenase can be extracted by denaturation of the enzyme in the presence of 2-mercaptoethanol or acetic acid. [9] [10] [11] [12] [13] If the FeGP cofactor is mixed with the apoenzyme, an active [Fe]-hydrogenase would be reconstituted. The structures of the protein-free cofactors were proposed accordingly as in Figure 2 , and they were confirmed by mass spectrometry. Since the elucidation of the structure of [Fe]-hydrogenase, a number of model complexes have been reported. Recently we synthesized some 5-coordinate mononuclear iron complexes with a 2-acylmethyl-6-methoxy-pyridyl ligand, which was a mimic to the acylmethylpyridinol ligand in the enzyme. However, the hydroxyl group of the pyridinol ligand in the enzyme might carry a crucial function for H 2 activation. [36, 37] The faithful reproduction of such secondary ligand environment in a model complex, therefore, is a desirable goal in biomimetic chemistry. However, only a dinuclear iron complex with an acylmethylpyridinol ligand has been reported; such a complex does not mimic the mononuclear nature of [Fe]-hydrogenase and is not suitable for further reactivity study. [35] Herein, we report the synthesis and reactivity of the first mononuclear model complexes of [Fe] -hydrogenase that contain the previously elusive acylmethylpyridinol ligand.
Results and Discussion

Iron complexes with 2-acylmethyl-6-tert-butoxy-pyridyl ligand
To install a pyridinol ligand, we first decided to incorporate a pyridyl alkoxyl group whose alkyl ether moiety might be cleaved at a later stage. To this end, [(2-CH 2 CO-6-t-BuOC 5 H 3 N)Fe(CO) 3 I] (1) was prepared by dropwise addition of lithiated 2-tert-butoxy-6-methylpyridine to Fe(CO) 5 , followed by treatment of I 2 (Scheme 1). The 1 H NMR spectrum of 1 in CDCl 3 exhibits three signals at 7.73, 7.11 and 6.99 ppm for the pyridyl rings, two doublet at 5.42 and 4.29 ppm for the diastereotopic methylene hydrogens, and one singlet at 1.70 ppm for the t-butoxy group. [38] The results indicate a single isomer in the solution. The IR spectrum of 1 shows three (CO) absorptions in CH 2 Cl 2 ; In the solid state, 1 displays five absorptions, [38] which might be caused by interactions between molecules in the solid lattice. Similar phenomenon has been found in complex Fe(S 2 C 2 H 4 )(CO) 2 (PMe 3 ) 2 . [39] Scheme 1. Synthesis of complex 1.
Reaction of 1 with NaS(2,6-Me 2 C 6 H 3 ) gave a 5-coordinate complex [2-CH 2 CO-6-t-BuOC 5 H 3 N)Fe(CO) 2 {S-(2,6-Me 2 -C 6 H 3 )}] (2) (Scheme 2), which was characterized by X-ray crystallography ( Figure 3 ). The structure of 2 is similar to that of complex [2-CH 2 CO-6-MeOC 5 H 3 N)Fe(CO) 2 {S-(2,6-Me 2 -C 6 H 3 )}]. [28] The C(21)-Fe(1)-S(1) angle is 163.5(4) o , and the C(20)-Fe(1)-N(1) angle is 175. 5(5) o . Thus, the coordination geometry of the Fe ion is best described as distorted square pyramidal. The bidentate acylmethylpyridyl ligand coordinates with Fe via the pyridyl nitrogen and acyl carbon donors. The two CO and the acyl ligands are all mutually cis. The sulfur ligand is cis to the acyl and pyridyl ligands, and the position trans to the acyl ligand is unoccupied. The IR spectrum of 2 shows two equally intense (CO) absorptions at 2013 and 1948 cm -1 in the solid state, consistent with the existence of two cis-CO (Table 1) .
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Iron complexes with acylmethylpyridinol ligand
The difficulty in the deprotection of the t-Bu group in complex 2 might be due to the instability of the targeted complex, so we next attempted to deprotect of the t-Bu group in the more stable complex 1. This proved successful. Reaction of 1 with an excess of Me 3 SiI (3.5 equiv.), followed by addition of H 2 O yielded [(2-CH 2 CO-6-HOC 5 H 3 N)Fe(CO) 3 I] (5) (Scheme 5). In CH 3 CN, the IR spectrum of 5 exhibits three (CO) absorptions, consistent with its structure. [38] In the solid state, its IR spectrum shows four (CO) absorptions, probably due to the same reason proposed for complex 1 (see above). 7 and 9 were further selected to study the reactivity with CO. Unexpectedly, upon exposure to CO, the conversion to tricarbonyl products [(2-CH 2 CO-6-HOC 5 H 3 N)Fe(CO) 3 {S-(2,6-Me 2 -C 6 H 3 )}] (7a) and [(2-CH 2 CO-6-HOC 5 H 3 N)Fe(CO) 3 {S-(C 6 F 5 )}] (9a) was not complete (33 % for 7 and 38 % for 9) (Scheme 8). [38] This behavior is different from that of 2 and [Fe]-hydrogenase, which could be completely converted to the tris(carbonyl) complexes. [40] It is worth noting that both the (CO) absorption bands of 7a and 9a
are close to those of CO-inhibited [Fe]-hydrogenase (Table 1 ).
Scheme 8. Reversible reactions of 7 and 9 with CO.
One of the decomposition products of 7 was identified as the tricarbonyl complex 7a ( Figure S12 ). [38] This decomposition pathway was earlier found for complex [(2-CH 2 CO-6-MeOC 5 H 3 N)Fe(CO) 2 {S-(4-NO 2 -C 6 H 4 )}] 2 . [33] After 2 mins at -30 o C, two new peaks at 2063 and 1983 cm -1 appeared, which were attributed to 7a. After about 10 mins, the decomposition of 7 was complete. [38] The decomposition reaction of 9 was similar to that of 7, and 9a was also formed ( Figure S19 ). [38] To model the isocyanide-and cyanide-inhibited [Fe]-hydrogenase, [37, 40] (Table 1) . Different from the 5-coordinate models 7 and 9, 12 did not react with CO, which is similar to the FeGP cofactor extracted with 2-mercaptoethanol. [40] This suggests that 12 is a 6-coordinate complex, with -OH group of 2-mercaptoethanol coordinating to Fe. Unlike the dinuclear complexes [(2-CH 2 CO-6-MeOC 5 H 3 N)Fe(CO) 2 {S-(4-NO 2 -C 6 H 4 )}] 2 [33] and [(2-CH 2 CO-6-
[31] , 7-12 all exist as monomers ( Table 1 ). The results demonstrate that the 6-hydroxyl group in the pyridyl ring has certain influences over their structures and possibly activities.
To model the acetic acid extracted FeGP cofactor, acetate ligand was also installed by reacting 5 with CH 3 COOAg in CH 2 Cl 2 (Scheme 10). The 1 H NMR of the product in CDCl 3 exhibits three signals at 7.67, 6.86 and 6.68 ppm for the pyridinol ring, two doublets at 4.01 and 3.92 ppm for the -CH 2 group, and one singlet at 2.41 ppm for the acetate group. The IR spectrum displays two intense (CO) absorptions both in the solid state and in CH 2 Cl 2 (Table 1) . [38] The ESI-MS (negative mode) shows an intense peak at 305.9706. All the data are consistent with the formulation of the product as [(2-CH 2 CO-6-HOC 5 H 3 N)Fe(CO) 2 (CH 3 COO)] (13) (calculated mass: 305.9701).
Interestingly, two species with a ratio of about 2:1 were detected when 13 was dissolved in CH 3 CN, according to the four characteristic peaks at 4.20, 4.05, 3.85 and 3.82 ppm for the -CH 2 groups in CD 3 CN. The IR spectrum is also consistent with the 1 H NMR result, and shows four (CO) absorption bands. [38] We propose that a second species formed when 13 is dissolved in CH 3 [41] Complex 13 could react with C 6 F 5 SH/NEt 3 to generate 9. When CH 2 Cl 2 was used as the solvent for this reaction, two intense (CO) absorptions at 2022 and 1958 cm -1 were observed in the IR spectrum of the product, nearly identical to those of 9 produced according to Scheme 7 (Table 1) . [38] The reaction of 9 produced from 13 with CH 3 CN (20 eq.) was monitored in CH 2 Cl 2 , but no reaction was found. This result indicates that 9 is 5-coordinate and CH 3 
Conclusion
In summary, two mononuclear iron complexes with acylmethylpyridinol ligand (5 and 6) were synthesized and fully characterized by 1 H NMR, IR and elemental analysis. Starting from 6, a series of iron thiolate complexes (7-12) were generated and identified by IR and/or 1 H NMR (9) . These complexes are the first mononuclear iron models of [Fe]-hydrogenase that contain an acylmethylpyridinol ligand. Different from the known complexes with 2-acylmethyl-6-methoxy-pyridyl ligand, [31, 33] 7-12 always exist as monomers and are not subject to dimerization. This is the evidence that the 6-hydroxyl group in the pyridyl ring can influence the structures and probably the activity of the model complexes. was added into the mixture. The water phase was washed with CH 2 Cl 2 (20 mL  3) and ether (10 mL), respectively. The combined organic phase was washed with H 2 O (20 mL). After drying the organic phase over Na 2 SO 4 and evaporation of the solvent, the residue was extracted with ether (10 mL), and the filtrate was dried in vacuum. The residue was washed with hexane (40 mL) and CH 2 Cl 2 (1 mL), respectively. The solid residue was then extracted with ether (10 mL) again, and the filtrate was dried in vacuum. The residue was washed with hexane (20 mL) and recrystallized from ether/hexane to afford 5 (110.0 mg, 0.273 mmol; yield: 31 %) as a red solid. 2 CO-6-HOC 5 H 3 N)Fe(CO) 2 (CH 3 CN) 
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Experimental Section
A. Chemicals and Reagents
All manipulations were carried out under an inert N 2 (g) atmosphere using a Schlenk line. Solvents were distilled from appropriate drying agents under N 2 before use. All reagents were purchased from commercial sources. Liquid compounds were degassed by standard freezepump-thaw procedures prior to use. 2-tert-butoxy-6-chloropyridine was prepared as described previously.
[S1]
B. Physical methods
The 1 H and 13 C NMR spectra were recorded on a Bruker Avance 400 spectrometer. 1 H NMR chemical shifts were referenced to residual solvent as determined relative to Me 4 Si (δ = 0 ppm). The 13 C{ 1 H} chemical shifts were reported in ppm relative to the carbon resonance of CDCl 3 (77.0 ppm). IR spectra were recorded on a Nicolet iS5 FT-IR spectrometer. Elemental analyses were performed on a Perkin-Elmer 240C analyzer. Mass spectra were performed on an Agilent 6530 Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) mass spectrometer, equipped with an ESI source. X-ray diffraction studies were carried out in a Xcalibur E X-ray single crystal diffractometer. Data collections were performed using four-circle kappa diffractometers equipped with CCD detectors. Data were reduced and then corrected for absorption. S2 Solution, refinement and geometrical calculations for all crystal structures were performed by SHELXTL.
S3
C. Synthetic methods
Synthesis of 2-tert-butoxy-6-methylpyridine 2-tert-butoxy-6-methylpyridine was prepared using a similar method as described previously. [S1] A solution of CH 3 MgBr/ether (3 M, 10.8 mL, 32.4 mmol) was added drop-wise to a mixture of 2-tert-butoxy-6-chloropyridine (4.0 g, 21.6 mmol) and 1,2-bis(diphenylphosphino)ethane nickel(II) chloride (34.2 mg, 0.0648 mmol) in THF (40 mL). The mixture was stirred at room temperature for 4 h. The reaction was diluted with ether (20 mL) and quenched by addition of H 2 O to dissolve inorganics. The organic phase was washed with H 2 O. After drying the organic phase over Na 2 SO 4 and evaporation of the solvent, the crude products were purified by silica gel column chromatography, giving 2-tert-butoxy-6-methylpyridine as a colorless oil (2.79 g, 16.9 mmol; yield 78 %). 1 (2) A newly synthesized sample of (2,6-Me 2 -C 6 H 3 )SNa (228.0 mg, 1.38 mmol), which was prepared by NaH (33.2 mg, 1.38 mmol) and (2,6-Me 2 -C 6 H 3 )SH (190.6 mg, 1.38 mmol) in THF, was mixed with complex 1 (634.0 mg, 1.38 mmol) in CH 2 Cl 2 (10 mL). After stirring for 0.5 h at room temperature in the dark, the solvent was evaporated in vacuum. The residue was extracted with CH 2 Cl 2 (4 mL). After removing the solvent of the filtrate, the residue was recrystallized from CH 2 (5) Me 3 SiI (610.0 mg, 3.05 mmol) was added into a solution of 1 (400.0 mg, 0.871 mmol) in CH 2 Cl 2 (10 mL) under stirring at room temperature. After 12 h, H 2 O (20 mL) was added into the mixture. The water phase was washed with CH 2 Cl 2 (20 mL  3) and ether (10 mL), respectively. The combined organic phase was washed with H 2 O (20 mL). After drying over Na 2 SO 4 and evaporation of the solvent, the residue was extracted with ether (10 mL), and the filtrate was dried in vacuum. The residue was washed with hexane (40 mL) and CH 2 Cl 2 (1 mL), respectively. The solid residue was then extracted with ether (10 mL) again, and the filtrate was dried in vacuum. The residue was washed with hexane (20 mL) and recrystallized from ether/hexane to afford 5 (110.0 mg, 0.273 mmol; yield: 31 %) as a red solid. Reaction of 6 with NaS-(C 6 F 5 ): An alternative route to synthesize 9 NaS-(C 6 F 5 ) (2.66 mg, 0.012 mmol) was added into a solution of 6 (5.00 mg, 0.012 mmol) in CD 3 CN (0.6 mL) in a J Young NMR tube at -30 o C. The 1 H NMR was measured immediately, which showed 9 formed. Some precipitate can be found in the tube after the 1 H NMR measurement. 1 
D. Crystallographic Details for 2
A total of 4644 reflections (-12 < h < 12, -13 < k < 8, -12 < l < 11) were collected at T = 293(2) K in the range of 2.94 to 25 o of which 2898 were unique (R int = 0.0395); Mo K radiation (= 0.71073 Å). The structure was solved by the direct methods. All non-hydrogen atoms were refined anisotropically, and hydrogen atoms were placed in calculated idealized positions. The residual peak and hole electron densities were 1.520 and -0.542 eA -3 , respectively. The least squares refinement converged normally with residuals of R(F) = 0.0898, wR(F 2 ) = 0.2337 and a GOF = 1.098 (). 
